The deleterious effects of coherent synchrotron radiation (CSR) on the phase-space and energy spread of high-energy beams in accelerator light sources can significantly constrain the machine design and performance. In this paper, we present a simple method to preserve the beam emittance by means of using magnetized beams that exhibit a large aspect ratio on their transverse dimensions. The concept is based on combining a finite solenoid field where the beam is generated together with a special optics adapter. Numerical simulations of this new type of beam source show that the induced phase-space density growth can be notably suppressed to less than 1% for any bunch charge. This work elucidates the key parameters that are needed for emittance preservation, such as the required field and aspect ratio for a given bunch charge.
INTRODUCTION
When electrons or other charged particles moving at relativistic speeds are forced by magnetic fields to follow curved trajectories they emit electromagnetic radiation in the direction of their motion, known as synchrotron radiation. Coherent synchrotron radiation (CSR) occurs when the emission of multiple electrons in a bunch is in phase, resulting in a quadratic dependence of the power emitted on the number of electrons participating. CSR is possible when either the entire electron bunch or any longitudinal structure of the bunch is comparable to the radiation wavelength [1, 2] .
Electron beams with low transverse normalized emittance (sub−μm scale), short bunch length (at the sub-ps scale), and high peak current (up to thousands of amperes) is a key requirement [3, 4] in high-brightness light sources, plasma wave accelerations and linear colliders. However, such bunches cannot be produced directly, since forces from the mutual repulsion of electrons would destroy the brilliance of the beam within a short distance [5] .
Instead, they are obtained by first accelerating a low peak current beam to relativistic energies and subsequently compressing the bunch length by several orders of magnitude to increase the peak current.
In most designs, the compression is achieved in magnet chicanes, where particles with different energies have different path lengths, so that a bunch with an energy distribution correlated with longitudinal particle position can shrink in length [6] . A successful compression system is one that compresses the bunch longitudinally while preserving the beam's transverse phase-space, referred to as the transverse beam emittance. In most cases, however, as a bunch propagates through the bends of a compressor, the tail-head interaction due to CSR can induce increased beam energy spread and transverse phase-space dilution that can severely degrade the downstream performance [7] . In addition, the CSR interaction is known to generate a microbunching instability in which large-amplitude current modulations can grow from smallamplitude, short-wavelength variations in the initial current profile.
Several techniques have been developed to mitigate the CSR effect [8] [9] [10] . For instance, utilizing asymmetry in a chicane design has shown success in partial nullification of emittance dilution when compared to the standard symmetric designs. Additionally, it has been shown that, in multi-stage compression systems, allocating more to the initial bunch compressors, while maintaining final compression, dampens the CSR effect in the final compressor where CSR is most detrimental. Though the techniques cited demonstrate effective reduction of the CSR induced emittance dilution, they tend to require many additional magnetic elements that can lead to further degradation of the longitudinal phase space and fall short of complete nullification.
In this paper, we present a simple and innovative solution to preserve the beam emittance during bunch compression. The method consists of generating a magnetized beam by immersing the photocathode in an axial magnetic field. After acceleration, the beam is transformed into a beam with asymmetric transverse emittances by using a set of three skew quadrupole magnets and by appropriate tuning of the lattice optics. With the aid of numerical simulations, we obtain a quantitative relationship between the required field and bunch charge. We show that emittance growth can be notably reduced to less than 1% with the proposed solution.
The outline of the paper is as follows: In Sec. II, we give an overview of the components of our accelerator beamline. Then, in Sec. III we detail a beam dynamics study for magnetized beams and present numerical results from modeling asymmetric particle beams on the aforementioned channel. Finally, we present our conclusions in Sec. IV.
II. ACCELERATOR BEAMLINE DETAILS
Our simulations consider the photo-injector of the Brookhaven National Laboratory (BNL)
Accelerator Test Facility (ATF) [11] which is shown schematically in Fig. 1 . In brief, electron charges with variable charge (Q ≤ 3.2 nC) are generated via photoemission from a metal photocathode located at the back plate of a 1.6 cell radiofrequency (RF) operating at 2856 MHz.
The gun is surrounded by a solenoid magnet S1 which is used to correct for the space-charge induced correlated emittance growth. For magnetized beam production, the solenoid S2 is turned on to provide the desired magnetic field on the photocathode along with the proper focusing.
The electron bunches exiting the rf gun are then accelerated by two three meter long 2.856 GHz traveling wave structures, up to 58 MeV. Downstream of the second acceleration section, is a set of three skewed quadrupoles which as we will show shortly will be used to generate the required asymmetry between the two transverse planes to mitigate CSR. The beamline also incorporates a four-bend magnetic bunch compressor which, consists of four 44. Detailed beam parameters as well as the required linac phase for compression is shown in Table   I .
III. BEAM DYNAMICS OF A MAGNITED BEAM
The numerical simulations presented in this paper were carried out with ASTRA [12] and ELEGANT [13] codes. ASTRA is a macroparticle code based on a rotationally symmetric space- Clearly, as < > strengthens up the induced horizontal emittance growth at OP decreases. A salient feature of our study is that the horizontal emittance growth is suppressed to < 0.5% for beams with large transverse emittance ratios which is a direct result of the increased canonical momentum at the cathode. The optimum values for < > to achieve this are 9.6 and 60.8 neV s for 50 pC and 1000 pC, respectively. Conversely, the vertical emittance remains unaffected during compression and close to its initial value at the chicane entrance. This suggests that a flat beam could be a promising solution for preserving low emittance in one plane during bending: a fact that could potentially benefit linear colliders [18] . Our simulation also captures well the dependence of the needed angular momentum for emittance preservation with bunch charge.
Quantitatively, Fig. 3(b) shows that if the bunch intensity is increased by a factor of 20, the required < > to push back to the original emittance is 6 times higher. As a result, the emittance growth can be fully controlled by the magnetic field and the value for full compensation is correlated to the bunch intensity. Evolutions of the transverse emittances for the two charges along the beamline of Fig. 1 for the optimum < > are shown in Fig. 3 (right) .
Note that the dash line depicts the evolution if CSR is neglected. Note further that the emittance growth from CSR at OP is less than 0.5% in both cases. More details on the required beam parameters for emittance preservation are listed in Table I . 
IV. SUMMARY
In recent years, the demand for applications of electron beams with low transverse normalized emittance, short bunch length, and high peak current has increased dramatically. 
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